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Abstract

Introduction: There are a small number of reports in the litera-
ture describing bladder rupture during cystograms in children. 
We hypothesized that children undergoing cystograms may have 
their bladder overfilled during the test. We aimed to evaluate the 
current practice when performing cystograms in our institution, 
contrasting actual volume used to fill the bladder to the age-
adjusted bladder capacity. 
Methods: We performed a retrospective review of all voiding cys-
tourethrograms (VCUG) and radionuclide cystograms (RNC) per-
formed at the Children’s Hospital of Eastern Ontario from 2006–
2013. Formulas used to estimate age-adjusted bladder capacity: 
1) infants <1 year: capacity (mL) = (2.5 x age [months]) + 38 
(Holmdahl et al, 1996); and 2) older children >1 year: capacity 
(mL) = (2 + age [years]) x 30 (Koff et al, 1983). 
Results: A total of 2411 cystograms were done (1387 VCUG; 1024 
RNC) in 817 infants and 1594 children older than one year — 1113 
boys and 1298 girls. Generally, bladders tended to be overfilled 
with 32% more volume in mL than the expected age-adjusted blad-
der capacity — VCUG 151 (122) mL vs. 120 (97) mL (p<0.001) 
and RNC 191 (97) mL vs. 151 (74) mL (p<0.001). Most importantly, 
infants had a striking overfilling rate of 64% and 38 % more volume 
than their expected age-adjusted bladder capacity for VCUG and 
RNC, respectively (p<0.001).
Conclusions: Bladders were filled above the estimated age-adjusted 
capacity in mL at the following rates: 32% in the whole group and 
64% in infants undergoing VCUG. It raises concern of possible 
bladder rupture in this age group. Furthermore, this may lead to 
overgrading and overdiagnosing of vesicoureteric reflux, as well 
as overestimation of post-void residual. Attention should be paid 
to filling to age-adjusted bladder capacity and allowing the child 
adequate time to void during performance of the cystogram.

Introduction

Cystography is one of the most commonly employed diag-
nostic modalities in pediatric uroradiology. Cystograms 
may comprise of a voiding cystourethrogram (VCUG) or a 

radionuclide cystogram (RNC). VCUG involves filling the 
bladder with a radiocontrast agent via catheterization under 
fluoroscopy with subsequent voiding. Common indications 
for VCUG include hydronephrosis, pediatric febrile urinary 
tract infection (UTI), or bladder diverticulum.1 VCUG is the 
most common method of diagnosing vesicoureteral reflux 
(VUR) and/or posterior urethral valves.1 RNC is a nuclear 
imaging study used mainly in the followup of known VUR, 
as it requires significantly lower radiation doses to detect 
VUR, but does not provide the anatomical resolution nec-
essary for reliable diagnosis of posterior urethral valves or 
grading of reflux.2,3 

While complications arising from cystography are rare, 
they may include allergic reactions to the contrast material, 
knotting of the bladder catheter, dysuria, UTI, trauma to the 
urethra and/or bladder, or bladder rupture.4-6 Bladder rupture 
is arguably the most dire complication due to cystography, 
thus all possible steps to avoid it should be undertaken. 

One of the proposed mechanisms of bladder rupture, 
especially in the setting of pediatric cystography, is bladder 
overfilling. Accurate estimates of bladder capacity in chil-
dren are essential not only for reliable urodynamic assess-
ments, but also to prevent inappropriate filling of the blad-
der. However, there is very little data regarding the use of 
age-adjusted bladder filling volumes for cystography avail-
able in the literature. 

Therefore, we hypothesized that children undergoing 
cystograms may have their bladders overfilled. This study 
aims to evaluate the current practice at our institution for 
performing cystograms, to record the actual volume used 
to fill the bladder, and to correlate this volume with the 
calculated age-adjusted bladder capacity.  

Methods

Institutional research ethics board approval was obtained 
prior to the start of data collection. The medical records 
of all patients who had a cystogram (VCUG and/or RNC) 
at the Children’s Hospital of Eastern Ontario (CHEO) from 
2006–2013 were reviewed. 
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Inclusion/exclusion criteria

Inclusion criteria were as follows: 1) age ≤18 years old at 
the time of cystography; 2) maximum bladder filling volume 
recorded; 3) completed study; 4) medical records available 
for review. Exclusion criteria were: 1) multiple bladder fill-
ings; 2) technical difficulties; 3) neurogenic bladder; 4) previ-
ous bladder injury; 5) large bladder diverticulum; 6) cloacal 
or bladder exstrophy; 7) ambiguous genitalia.

Clinical data

Patients’ medical charts were reviewed and the follow-
ing information was extracted: 1) gender; 2) age; 3) maxi-
mum bladder filling volume; 4) presence of VUR and/or  
hydronephrosis.

Estimated bladder capacity

Age-adjusted bladder capacity was estimated using the fol-
lowing formulas: 1) bladder capacity (mL) for infants younger 
than one year old = (2.5 x age [months] + 38)7; 2) bladder 
capacity (mL) for children older than one year old = (2 + 
age [years] x 30).8 

Statistical analysis

Results were presented as descriptive analysis using tables 
and graph. Data was analyzed using SAS© software (SAS© 
Institute Inc., NC, U.S.). Statistical analysis was performed 
using unpaired, two-tailed student t-test and linear regres-
sion, and p≤0.05 was considered significant.

Results

There were a total of 2579 patients who had a cystogram at 
CHEO from 2006–2013. Of these patients, 2411 (93%) met 
inclusion criteria. The indications for having a cystogram 
are outlined in Fig. 1.

Gender distribution was 1113 male and 1298 female. 
The age and gender breakdowns of the patients are shown 
in Table 1. 

The average volume of contrast used to fill the bladder 
via catheter during the VCUG for the whole group was 151 
mL (standard deviation [SD] 122), compared to an average 

estimated bladder capacity of 120 mL (SD 97), which repre-
sented a +31% difference (p<0.001). For RNC, the average 
volume used was 191 mL (SD 97) compared to the aver-
age estimated bladder capacity of 151 mL (SD 74), which 
represented a +33% difference (p<0.001). When stratified 
by age, infants undergoing VCUG had an average fill of 
76 mL (SD 36) compared to an estimated bladder capacity 
of 43 mL (SD 7), which represented a difference of +64% 
(p<0.001) (Table 2). 

Discussion

Cystography, which includes VCUG and RNC, is a com-
monly used technique to evaluate reflux and urinary tract 
anatomical defects. Use of appropriate volumes of contrast 
material to fill the bladder during cystography is essential in 
preventing bladder overfilling and potential complications, 
such as bladder rupture. This study reviewed data for chil-
dren who had a cystogram in order to compare the bladder 
fill volume used against the patient’s calculated age-adjusted 
bladder capacity. 

We found that bladder fill volumes used during cystograms 
performed at our institution from 2006–2013 were consistent-
ly in excess of the estimated bladder capacity of the patients 
(Table 2). Specifically, the mean fill volumes used on children 
of all ages who received either a VCUG or RNC were 31% 
and 33% greater, respectively, than their average estimated 
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Fig. 1. Indications for cystograms (VCUG or RNC). PUV: posterior urethral 
valves; RNC: radionuclide cystogram; UTI: urinary tract infection; VCUG: 
voiding cystourethrograms; VUR: vesicoureteral reflux.

Table 1. Overview of patient cohort demographics

Overall Infants 
(<1yr)

Children 
(>1yr)

Mean age, 
years (SD)

Male Female VUR Hydronephrosis

VCUG 1387 761 626 2.3 (3.0) 747 640 335 455

RNC 1024 56 968 3.5 (2.5) 366 658 611 212

Total 2411 817 1594 1113 1298 946 667
RNC: radionuclide cystogram; SD: standard deviation; VCUG: voiding cystourethrograms; VUR: vesicoureteral reflux.
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bladder capacity. The greatest discrepancy was observed in 
infants <1 year old having a VCUG, such that the mean fill 
volume used was on average 64% larger than the estimated 
bladder capacity for these patients (Fig. 2). 

The bladder, similar to all organs, tends to grow as a 
child ages. As a result, the bladder capacity of children 
is not static, but rather increases with age. Therefore, for-
mulas used to estimate bladder capacity must account for 
this variance. Several formulas exist for estimating bladder 
capacity in children of varying ages,7-9 but no single method 
is consistently used, nor has been thoroughly validated in 
all age groups. However, the formula devised by Koff et al 
is the one most commonly used in practice to calculate an 
age-specific bladder capacity, especially in young children, 
and so was the formula employed in this study to calculate 
estimated bladder capacity in all children >1 year old. The 
rapid change in bladder growth that occurs during an infant’s 
first year of life has led to the creation of specific formulas 
for estimating bladder capacity within this age group. The 

formula created by Holmdahl et al is thought to represent 
the most accurate estimation of bladder volume in infants, 
and so was used in this study to estimate bladder capacity 
in all patients <1 year old. 

Overfilling of the bladder during cystograms raises the 
possibility of inducing clinically irrelevant VUR, overesti-
mating post-void residual, and in rare cases may cause blad-
der rupture. We found evidence of VUR in 946/2411 (39%) 
of patients. While it is intriguing to consider the potential 
for VCUG and/or RNC to have contributed to the reflux 
observed at the time of the study secondary to bladder over-
filling, we did not find a significant correlation between 
these two values in our cohort. Specifically, when we sep-
arated patients with observed VUR into low (grades 1–3) 
and high (grades 4–5), there was no significant association 
between grade of reflux and degree of bladder overfilling 
(p<0.5). This held true for both older children and infants, 
where the greatest degree of overfilling was observed. While 
there is little data available in the literature examining the 
potential contribution of VCUG to overestimating the sever-
ity of VUR,10,11 this is still a likely possibility given the degree 
of bladder overfilling observed in our cohort. Moreover, 
because management of reflux is influenced by severity, 
overgrading of VUR due to bladder overfilling at the time of 
cystogram may lead to inappropriate management.

Similarly, assessment of post-void residual following a 
cystogram may also be compromised secondary to bladder 
overfilling. Bladder distention is one of the primary factors 
leading to overestimation of post-void residual in pediatric 
patients.11 Therefore, filling the bladder to volumes greater 
than its natural capacity is likely to subsequently increase 
the remaining bladder volume post-void. 

In general, risk factors for pediatric bladder rupture 
include posterior urethral valves, neurogenic bladder, blad-
der augmentation, and bladder outlet obstruction-related 

Table 2. Comparison of mean fill volumes used during 
pediatric cystograms with patients’ estimated bladder 
capacities

Mean fill 
volume, 
mL (SD)

Estimated 
bladder 

capacity, 
mL (SD)

Difference p 

VCUG

Infants <1 year 76 (36) 43 (7) +64% <0.001

Children >1 year 243 (129) 195 (105) +38% <0.001

Overall 151 (122) 120 (97) +31% <0.001

RNC

Infants <1 year 69 (34) 53 (9) +26% 0.0016

Children >1 year 198 (95) 156 (73) +34% <0.001

Overall 191 (97) 151 (74) +33% <0.001
RNC: radionuclide cystogram; SD: standard deviation; VCUG: voiding cystourethrograms.
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Fig. 2. Comparison of mean fill volumes used during infantile cystograms with patients’ ideal estimated bladder capacities.
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to trauma or other causes.12 While there are very few cases 
of bladder rupture post-cystogram documented in the lit-
erature,12-21 the majority of case reports describe patients 
under two years old. This is in keeping with our finding 
that the greatest degree of bladder overfilling in cystograms 
occurred in infants <1 year old undergoing VCUG. None 
of the 2411 patients included in this study had documented 
bladder rupture at the time of their cystogram. However, the 
potential for bladder overfilling in the setting of cystography 
to exacerbate VUR or bladder rupture exists, and so should 
be considered when administering these tests.   

By using objective endpoints, such as gender, age, blad-
der fill volumes used, and presence vs. absence of VUR 
and/or hydronephrosis, we were able to limit much of the 
subjectivity and potential for variance normally inherent in 
retrospective studies. Additionally, the degree of significance 
detected comparing fill volumes and bladder capacities in a 
cohort as large as ours speaks to the degree of discrepancy 
between these values. 

The primary limitation of this study would be the potential 
for under- or overestimation of bladder capacity using the 
formulas by Holmdahl et al and Koff et al. However, as has 
already been discussed, these two formulas are possibly the 
most common ones used for estimating bladder capacity in 
the pediatric population. Another limitation is that children 
with large-volume VUR can accept larger volumes of filling 
due to passive reflux during the filling phase. One other 
potential weakness is that some infants with VUR have larger 
than expected bladder capacities, as documented by Sillen 
et al.7 As a result, these children would not have true bladder 
overfilling, as would be expected based on their estimated 
bladder capacities.

Conclusion

This is believed to be one of the first and largest studies to 
demonstrate a significant difference between the volume of 
contrast used to fill the bladder during cystograms in chil-
dren, and the estimated bladder capacity of these patients. 
We have shown that cystograms in children are prone to 
bladder overfilling, especially within the first year of life, and 
that this current trend could account for reported inaccura-
cies of cystograms, such as exacerbating the severity of VUR 
and falsely elevated post-void residual. Bladder rupture may 
also occur, albeit rarely. Attention should be paid to fill to 
age-adjusted bladder capacity and to allow adequate time 
for the child to void in a relaxed environment. However, 
this practice must be balanced with the busy schedule of the 
radiology department and the concern of missing significant 
VUR due to bladder underfilling. 
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